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TNELFTH SYMPOSIUM ON TURBULENCE

The Twelfth Symposium on Turbulencs was held at the University of
Misgsouri-fclla (UMR), with the tachnical sessions beginning on Monday morning,
Septembaer 24, 1990, and ending at midday Wednesday, September 26, 1992;
registration and a social get-together on Sundéy evening precaded the
tachnical program. ’

The Twelf:h Turbulence Symposium was sponsored by the Office of Naval
Research, without whose support it would not have been held. Dr. L.?. Purtell
and Dr. Spiro Lekoudis shared the responsibility for this, with Pac attending
the Turbulence Symposium and serving on the Steering Committee. The PI
expresses his appreciation for ONR's support over the vears when he has been
raesponsible for the Turbulence Symposium.

The facilitias of the University of Missouri-Rolla are made available
for the Turbulence Symposium, with the Chemical Engineering Department and
Coantiauing Sducation providing seczetarial and other help. The Turbulence
Symposia of 1983, 1984, 1986, 1988, and 1990 have been directed by X B Reed,
Sr. of the University of Missouri-Rolla, with the assistance of his co-
chairmen, G. X. Pattzerson, now Asscciats Dean of Engineering, University of
Migsouri-Rolla, and J. L. Zakin, Chairman of Ohio Stata University's Chemical
Zngineering Depar=ment. B3ecause of the reduced funding, Drs. Patterson and
Zakin will beccome Honorary Co-chairmen.

The highlights of the technical program were:

"Yortical Structures and Their Cantral Role in Soundary Layer Turbulence”
py Stsphen X. Robinseon
NASA Langley Research Laboratory
Hampton, VA
"The Models of Free Shear Dynamics”
by Larry Redekopp
University of Southern California
Los Angeles, CA
“PDF Methods for Turbulent Flows”
by Stave Pope

Cornell University
Ithaca, NY




and
"New Davelopments in Understanding Supersonic Turbulent BSoundary Layers”
by A. J. Smits
Princeron Oniversity
Princeton, NJ

Thera were 64 contributad papers distributad among eleven technical
sessions. Thea full program follows (see Appendix A).

Ona of the features of the UMR Turbulence Symposium which has long been
fels to be desirable (highly desiraple, very imporcant) by most attendees, as
waell as Dy the Steering Committee, has been the intimate nature of the
Turzulence 3ymposium, especially its opzortunities for technical discussions
ocutsida the formal Q&A/Comments interludes following each presentation. Until
the 1988 Turbulencs Symposium, simultaneous sessions had been avoided. With
tne advent in =he laca '70's and early '80's of decreased funding from federal
agencies and of decreased funding for travel in universities, federal
laboratories, and industrial R&D, attendance at the Turbulence Symposium began
to decline. The trend has continued and has had especially deleterious
affacts for those aot presenting papers. Efforts o halt the attendancs
arcgion culminated in the 1988 Turbulence Symposium being characterized by
gimultaneous sessions for the entire Symposium, aside from the invited
ieczurers. That continued in the 1990 Turbulenca Symposium and will doubtless
gontinue into the foreseeable future. Simultanecus sessions have been
apporzioned, very roughly speaking, into fundamental versus applied sessions
in an attempt to minimize conflict and in particular to continue to provide a
full Turbulence Symposium of aczivity £or attendees whc want it to zemain cne
emphasizing fundamental development3, while at the same time <¢onnecting them
with strong applications.

There continue to be certain, not necessarily major, problems with
having the manuscripts from the Turbulence Symposium published in the archival
literature. There has been a relatively high rejection ratae, but authors now
rightly blame the journals, not the PI, the Turbulence Symposium, or the
Steering Committee. Rather than appearing in a single issue of the journal,

papers appear over a period of time, and worse, attribution to the Turbulence




Symposium is not always made. There were no papers from the 1990 Turbulence
Symposium published in g2 ters and Plujds, so this journal is not a problem;
but those from 1988 and 1990 published in Physics of Tluidg often lacked the
Turbulaence Symposium designation. *

The continued support of ONR by encouraéinq its funded (and propeosal
supmitting) investigators to present papers at the Turbulence Symposium i3 an
impor=ant inq:ediént in mainetaining and increasing quality and attendance. It
also provides ONR perscnnel additional first-hand opportunities to see the
work of many of zheir past, present, and future supported investlgatdrs "in
aczion" and to hear, as well as parzicipate in, their evaluation during the

Steering Committee discussions, as well as in the Q&A following presentatlions.

par=icipant Response

One-aundred par=icipants attended the Twelfth Turbulence Symposium, with
seventy-two from universities (up f£rom 87 in '90), seventeen from governmental
laboratories (up from 10), and aleven from industry (up from 10). There was,
as is customary, a significant international contingent prasent, with
Australia (1), Canada (1), Federal Republic of Germany (2), Franca (1),
Netherlands (4), Switzerland (1), Hong Rong (1), India (1), Japan (1), United
Ringdom (1), and Raepublic of China (3), represencad. The list of

parsicipants appears in Appendix 3.

Equipment Exhibits
Each Symposium, ample space i3 made availabia for vendors of turbulence
measurement, data acguisition, and analysis equipment, and various companias
are invited. TSI and DANTEC, as always, brought large demonstzation teams.
They also provide tangible suppors, including underwriting the social hour,
which we appreciate. New personnel from DANTEC expressed the strong opinicn

that they were not sufficiently given the opportunity to sell their wares.




Banquet
Zeno's Restaurant hosted the Turbulaenca Symposium banquet, and the
excallent midwestern staaks at a modest price (banquat costs were $19) were
widely complimentad. The Collegium Musicum provided after-dinner
entartainment. Mr. Basil Moore was the afte:—&inne: speaker, and "The humor

of Abe Lincoln” was indeed humorous.
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- Twelfth Symposium on Turbulence

1av. Sectempoer 23, 1990

=10 3.m. Rec:strauan ancg Soc:al Hour. Zeno s Motet ang Steax ™ouse

Qav. Seotemoer 24. 1990

45-3:20 am.  Registrauon—Miner Lounge. University Center-£ast. UMR

20-d:45 am.  Symposium Coemng—welcaming Semarks—Cantanniai Hali-west

'45-3:00 am. Annguncemaearnts and Genera) \ntormauon

wosium Sponsors
#icg or Naval Research
nvarsity ot Missaun-Aolla

1cosium Chairmen

3 leec. .r.
iversity of Missoun<Roila
Rairman

Garv K. Panterson
University ot Missgun-Aota
Co-Charrman

Jacaues '_ Zakin
Chio State University
Ca-Chairman

ering Committee

v A Aanan

wotessor o Thecrencat and Applied
AeCnamcs

Jniversity of tllinos

Jr. A, 5. 3rodkey

>otessor 3t Chemical Engineenng
Jmo State University

Jr. R4 Hansen

<gval Researcn aooratory
~asmington, D.C.

Jr 4 C. 40

3ratessor ot Chemical Sngineernng
owa State University

Jr. ALK ML FL Hussain

drotessor of Mecnanical Engineenng
Jnrveraity of Houston

or. G 3. Jones

3rotessor ang Chaurman of Nuciear
Engineennyg

JNvarsity ot iltinos

Or. S. Lexouais

Qtfice ot Navai Researcn

Aringron. Virgima

Or. J. McMicnam

Air Forge Otffice of Scienufic Researcn
Wasnington. 0.C.

Qr. /. 3. Miies

Protessor of Mecnancal ang Aeroscace
Engineenng

Prnceton University

Cr. G. K. Patterson, Ca-Director
Associate Oean ot Engineenng
University ot Missoun-Ratia

Or. X 3 Reeq. Jr., Director
Protessoe ot Chemicar Engineenng
University ot Missoun-Roita

Or. M. M. Rerschman

Qttice of Nava: Research
Actingron, Virgima

Or. A. .. Smts

Protessor of Mecnhamcat ana Aergsoacs
Engineenng

Prnceaton Unveraity

Or. C. G. Scenale

ICASE

NASA Langiey Qesezrcn Canter

Or. D. E Stock

Protessor of Mecnamcal Engineenng
Wasmngon State University

Or. W. G. Tiegerman

Protessor of Mecnamical Engineenng
Purcue University

Or. J. L Zawin, Co-Qirector
Protessor ana Chairman of Chemca
Enqineenng

Chug State Unveraty




Monday Moming, September 24, 1990

9:0Q a.m.

Invite@ Lecsure. Caentenmal Hail-west, “/artical Structures ang Ther

~aniray ote :n Soundarv Laver Turouience.’ Stesnen K. Rooinson.
NASA Langlev Researcn Laoaratery. =amsen. Va.

10:00 a.m.

A

nerent Turdbuience Structure—Cantenmal Mati-West

dirmen- R, S. Sroakey I1ng A. X. M. 7. Hussain

23 am. The Characranstics ot Sciral ‘Naves 0 An Axaily

Qotaung “ize Ticw ' S. imao. M. iton. Y. Yamada. ana

Q. Thang, Nagcva nsutuie 9f Tecnnoiogy

Transition. Tyrcuwence, anag Cscilaung Fiow n A

Dice-—a Jrsual Stucy. ' I S. Fisnier anag R. S. Broakey,

Irio State Lriversity

J am. “nteracton 3t Sonerent Structures within 3 Coaxial
«et.’ S, X, Tang ana N. W. M. Ko, Jniversity ar Hong
Kong

20 a.m.

Corfee Sreax

8

Jets and Wakes—Marx Twain foom

Chairman: S. Lexoudis

10:20 a.m. “Sharaccensucs ot 30 Turouient Jets in Crosstiow. T AL
Q. Demuren, NASA Lawis Researcn Center

10:40 a.m. “"he Ceveicoment of Twin-jets issuing :nto 3 Cross-

fow.  P. J. Disimiie. R. G. DiMicea. Imversity ot Cin-

c:ianat; N. Toy ang £ Savary, Unwersity 2t Surrev

11:00 a.m. “'Jrifieg Thearv ‘ar Turouient Shear. .et ang ‘Nake
Fiows,  W. C. Mih, ‘Nasnington State University

29 am. "Tn nstaoliites ang Large Structures .n Aeartachuing
Sauncarv Lavers. ' P. R. 3andycpaahyay, NASA Lang-
lev Jesearcn Canter

40 am. "E!fec: 3t AQverse P-sssure Gragient In Ne Turdu-
ience 3urst Structure of Low Reynoids Numbper Squt-
ligrrum 3ounaarv Lavers.' J. B. White ana W. G.
Tiegerman. 2urcua University

12:90 noon Luncn——Cantanmal Hail-2ast

Monday Afternoon, September 24, 1920

1:30 p.m,

Inviteg Leciure. Cantenmal Hall-West. “The Mogets ot Free Shear

Dvnamics. " Larry Redexapp, Protessor ang Chairman. Aerosoaca Engi-
neenng, Umversity of Southern Califormia. Los Angetes, Calil.

A
erent Turbulencs Structures (cont.} —Cantennial Hall-Waest

Conerent Turbulence Structures—Eduction and ODynamics—Mark
Twain Rocom

Chairmen: R. J. Adrian and X 8 Reed, Jr.




“Pattern Recogmition, Vita, U-Signat Slgoe. and Cuad-
rant Sontting: A Camoanson tor Channes Flow.” Y. G.
Acuad ang R. S. Srogkey, Chio State Umversity
“Zuacrant Anavsis of Tuctuanng Turcuient Vegcity
Jimcorents a3 Two-Cimensional Suiiv-Deveropea
“urcuien’ Channe! Fiow Using 3 Triale ‘Nire Srone. " S.
Yavuzxurt, 3tantora Jnversity

240 p.m.

erent Structures. 3ounaary Layer Countroi. Orag Requction—
lenmal =an-west
airmen: W, G. Tiederman anag J. McMichad

20 o.m.

=3 pm.

40 a.m.

20CQ o.m.

=23 p.m.

124g o.m.

“Zonerent Struciures cver Zrag Seducing Surtaces.’
A. D. Scnwarzvan Manen. R. Hoogsieen. J, C. Stouthart.
K. Knsnna Prasaa. Zinchoven Jniversity of ~8cmnais
3gy; ang F. 7. M. Nisuwstaat. Tacrmical University 9t
Seirt

tlet /omex Jereratars ‘or Tursuent Saow Segarauan
Canrel” G. V. Seiby, Jid Sammon Unversity: J, C.
wf ang F. G. Howarag, NASA Langtev Research Canter

“Tittusion ot Slat ‘mected Jrag Recucing Faiymer
Sotution 1 3 _E3U Mooified Turcuient 3oundarv
Laver.” S. T. Sommer ina H. L. Petne, Pennsyivama
Statg University

“Structure ot Jeynaias Stress Naear ‘he ‘Wail in Aque-
aus Paivmer Soiutons.” 3. Gamoert ang Ch. X Yong,
Universitat Sssen. Sssen. Nest Sarmany

“The interactien of Patvmer Agc:itives with Yoty —
A Case Stuav on Yortex Rings,* A. Gyr, federal Inst-
ute of Tecnnology. Switzenanag

“Jnsteagv Slow :n a Three-Cimensional Rectangular
Cavity 'mmersea :n 3 Turouient Soungary Laver.” R.
G. DiMicco, P. J. Disirmile. Unmiver Lity of Cincinnat: and
N. Toy, E Savory, Univarsity ot Surrey

200 pom.

220 p.m.

Rreax

“Pseudgo-Jynamic Recanstrucuon ot the Structure of
Turouient 3ounacary Lavers.” T. Giesexe 3na Y. G.
Guezennec, Crio State University

“Sxpariments Jn :nNe Nontnear Sgeciral Cvnamuics 3t
Pltanar Jet Transiion in Navenumeer Z“omain.’ F. Q.
Thomas ang M. C. Chu. Unmiversity 3t Notra Came

Caonerent Turouience Structures—cJucton and Qynamics (cont.) —
Marx Twawmt Agom

3:00 p.m.

3:20 p.m.

3:40 p.m.

4:00 p.m.

4:20 p.m.

“Sxperiments an e SMect of Mean “low Unsteag:-
ness an the Suecnarmomc Generaton in Plane Mixing
LLavers.' M. R. Haij, R. W. Miksad., ang £. .. Powers,
University of Texas at Ausun

“Ptane 'Naves ing 3lruyciures n Tyrouient Thannet
Fiow. ' L Sirovich. Srown Unmiversity; X, 5. 3ail, Univer-
sitv of Texas at Ausun: ang A, A. Hanaler. Navai
Researcn Laoagratory

oo~

Tomoutatonal and Txoenmentat Cbservatons 2n
Near Fiaig@ Characrersucs of an £xcited Free 3near
Layer.” A, 8. Cain, F. W. Roos. ana J. T. Kegeiman,
McConneil Dougias Researcn Laporatones
“Noniinear Processes of an Axisymmetne Circuiar Jet
under Qua-Mage Jual-~requency Sxc:tatons,” Y. T.
Lin, M. R. Wang, ang F. B. Maiao, Natonai Cheng-
Kung University

“Shzervead Deveicoment Jetans for Laminar Flow
Instaoiiities and Smail-3cale Turpuience Within Low-
Soeed. Two-Cimensional ‘Wall Jet Sows.” S, S. Fisner
ang 8. H. Mugnai. Umversity af Virgima




Tuesday Morning, September 25, 1990

8:20 am. Inwiteg Lecture. Centenmal Hail-West, "POF Metnogs for Turtulent
Fiows. Steve Pope. Mecrmamcal ana Aercscace Sngineering, Cornenl
Umversity, 1thacad. N.Y.

A 8
1ar Transport—Centenmal Hai-West New Measurement Methods—Marx Twain Secm
wrmen: J. C, Hill ang G. X. Patterson Chairmen: M. M. Retsenman ana R. .. Aanan
T am. “"Use 2t 3 POF Metnog in tne Mogethng of Turduient 9:20 a.m. “Hign-3geeq Parucie Image Veiac:metry interrogations
Reacung Flow n a Jet-Stirred Reac:zr.” D, Roexaens. Using Coarse image Arravs. " A, Prasad. A. J. fqnan. C.
KQninklijkesSheti-aporatarium. Amstercam C. Lanareth. ana P. Oftutt, Jnversity of tlinots. Urtana
-5 am.  “CTotical Measurement ot the Turouient Scaiar Seid $:40 3.m. “The Ceveic~ment Jr 2 3vsiam ‘or Sear-Time, Fuil-
a Gas Fow With ang Without Comoustion. ' K. Oberste- Fieid Surrace 3hear Stress Measurements Using L.quia
Lenn ana W, Merzxircn, Unmversitdt Sssen. Wast Crysials.” N. Tay, £. Savory, ang S. Pasxin. University
Germanv ot Surrev
<0 am. "Turobuient Transoort of 3 Passive Scalar.” R. C. San- 10:00 a.m. “!nvesugaung ne Jse of Slereosccoic Particie Streax
derson, A. D. Leonard. ana J. C. Hill, iowa State U~ Veioc:metrv :or Measurng ihe Three-Cimensional
versity Vartcity Feid.” S. X. Sinna, Umversity of Mississioon:

ang P. S. Kuniman, Jnwversity or Neoraska-wuincoln

10:20 a.m. Corfee Sreax

x40 am. “Xinematics of ne Reacton Zone in Homogenequs 10:40 a.m. “Flow Vetoc:ty Measurements oy Cigitai Imaging Puisea
Turouienca.” A, D. Leonard ana J. C. Hill, iowa State Laser Velgc:metry,” Y. A. Massan ang R. Cannan,
University Texas A&M University

1:00 am. “Tirec: Numerncal Simulation of a Paraifei~Cansecutive 11:00 a.m. “Flow Gragient Correcuons on Hot-Wire Measurements
Reacuan Pair n Homogenous Turbuiencea.” M. Chakra- as Agptied in a Two-Oimensional Turbuient ‘Wake, © J.
bartt anc J. C. Hill, lowa State University H. M. Gooden, National AerQspace Laooratory, the

Netnertangs: anc M. van Lent. Foxker Awrcrart 3.V.

120 am. “arge-Zddy Simulation ot Turbuient Reacung Plumes.” 11:20 am. "A New Agoroacn t0 Non-invasive Flow Measure-
R. I. Sykes, D. S. Henn, W. S, Lawetlen, anag S. F. ments in Complex Flows,” R. K. Menoa ang J. D.
Parxer. ARAR Division ot Califorma Researcn ang Miller. TSI Incornoratea
Tecnnology, Inc.

11:48 a.m. “"Numericai ang Sxperimentai !nvestigations of Tem- 11:40 a.m. “Visualization of Regular Structures in a Tnoie Jet Sv
perature Qistnbution in Aluminum Pots with Prascribed Laser Inauceq Fluorescence.” G. Vogmerbaumer ana
Boundary Conditions.” F. A, Elrefaie, M. A. Ahmed. G. Schwaeiger, Universitdt Quisourg

ang E E Khaiil, Cairo Univarsity
12:00 noon Lunch—Cantennial Mail-2ast

™




Tuesday Aftemoon. September 2S. 1920

1:00 p.m.

inviteg Lagture. Centenmar Hai-wWast, “New Cevetooments in Uncerstang-

ing Sucerscmie Tursuience Jouncary Lavers. ' A, J. Smts. Mecranica
anc Aerossace 2ngineenng. Princaton University, Princeton. N.a.

A

Sonic ang Supersonic Turnulence—-jenrenmal =ajl-West
~—en: A, J. Smuts, . 3. Miles, ana C. Q. Soeziaie

L3N

I 3m.

3 a.m.

D p.m.

g ..

0 p.m.

“Zonvecuan Vetac:ty 'n Supersomc Tuisuient Joun-
darv .avers.” E. F. Spina. 3yracuse Umversity: J. F.
Donovan, McConnen Cougras Researcn Laooratory:
anc A, J. Smus. Pringeton University
“Comoressiomty ana Mixng ‘1 Turouient Free Shear
Lavers. ' Jd. C. Jutton, R. F. Burr, 5. G. Goeow. ang N.
L Messersmith, University ot lllinais-Urbana

“Souna Srogagaugn Issues a1 Caomoressiote Turpu-
lenca.’ D. Papamoschou. University of Canforma, Irvine

3:00 a.m.

“Exploratory Stuay of In-olane Streamiine Curvature
EHects on a Supersortic Turouient 3ounaary Laver.®
C. B. McGiniey, NASA Langiey: ana S. M. Bogdonatt,
Princaten University

“Zxotoratory Study of Turbutent Structure n Com-
pressiple Shear Lavers Using Fluctuating Sitot Pres-
sure Measuraments.’ Y. R. Shau ana 0. S. Oatling,
Unmiversity of Te<as at Ausun

“Comoressiole ~-ee Shear Lavers.” M. Samimy, G. S.
Elliott, ang M. F. Reeder. Chio State Unwersity

“Haot Wire Measurement Metnoa for Temoerature and
Veiocity Flycuations fram Transomic to Sucersomic
Range in Heated Figws at Low Reynoids Numoer.” P.
Dugont ana J. F. Dedieve, Institut 4@ Mecamque Sla-
tistique de la Turdulence. Marseiile

“Imaging Turbuient Structure in Hign-Soeed Air by Fil-
terea Rayleiqn Scatterng,” R. Miles, W. Lempert, ana
4. Parxay, Prncetan Umiversity

Lagrangian Turbuience—Marx Twain Sgom

Chairmen:

290 p.m.

220 p.m.

240 p.m.

Breax
320 p.m.

3:40 pun.

4:00 p.m.

D. £. Stocx ana G. 3. Jones

“Cn the Rote of Acceteraung 2arnucies in the Genera-
tion ot Ravnolgs Stress. " R. A. Manaler ang J. D. Swear-
ingen. Naval [esearct Laooratory: P. S. Bernard.
Umversity of Marviang

“Stocnasuc “ralectary Modets Aoptieg 0 Turdbutent
Ciftusign: Monte-Cang Procass versus Markov Chain.”
L Wang ang D. E. Stock, ‘Nasmington State University
“A Stuay on Turouient Qiffusion ana Qerarmausn of
Matenal intertacs in a Pige Fow with Myarogen 8ub-
bie Methoa.” Y. Hirata. H. Adachi, anag R. 1to, Csaka
University

“0n the Particie Motion in a Homogeneous (sctrooic
Turouience,” U. Lei ang F. G. Yen, Natonal Tawan
University

“Turnulent Oecosition ana Tracomng of Aercsols at a
'wail.” i, W. 2raooke, K. Xontamans, ang 7. J. Hanratty,
University ot lllinais: ang J. 8. McLaugniin, Clarkson
Urversity

“Nisgersion by irrequiar Surtace ‘Waves in Straufiea
One-Jimensional Channet Fiows,” 8. Jong, University
ot Twente




S.m.

cal

men:

s 3.

2 a.m.

“Secong-Orcer Clasure Modets for Mign-Spgeed Com-
pressicle Turoulent Flows.” C, G. Speziaie ana S. Sar-
kar. NASA Langiev Researcn Canter

6:15 p.m.

Soc:al HMour--Z2nag's Maoter ang Steax HNouse

Courtesy ot Dantes Siecranics: TSI lnc.. ana Aerometrics. Inc.

7-10 p.m. 8anquet Cinner

Wednesday Morning, September 26, 1990

Turoulence Structure—Cantenmai Hail-West

R. J. Hansen ang S. Lekouais

“Localy Axisvmmetnic Turdulence,” W. K. George.
Umversity ot Surfaio. SUNY: ang M. J. Hussein, Yan-
deroiit Lmiversity

*A Comoaranve Study of Three Tacnniques ior Sstuma-
tion of Turouience Energy Spectrum.” P. K. Rajan ana
S. S. Munukutia, Tannessee Tecnnolagical University

20 am.

Compiex Turbulent Flows—Markx Twain foom
Chairmen: J, L. Zakin anc M. McMicnael

8:20 a.m.

8:40 am.

“Cuantitative Jetermination ot the Svolution of the
Wake 3ening ang Imoulisivelv Starteg Circuiar Cylin-
ger.” C. Chu ang Y. Liao. Nauaonal Taiwan University
“Visual Stugv an Vortax QOeveigoments over Lifting
Surtaces After Impuisive Start.” F. Finaish, Unmiversity
of Missoun-Acla

“Tursulence ‘Wavenumoper Sgecira in Fuily-Ceveloped
Smooth Pince Flow.” J. C. S. Lan Uriversity of New
South ‘Wales: K. J. Builock ang P. Haollls, University ot
Cueensiana

"Energy ang Scalar Yananca for Turouience: Velocity
ang Scalar isvec:ra,” J. A. Memng, Nationai Canter
for Atmosaneric Researsn: ang C. Metais, nsutut de
Mecamaue ge Grenoble

“Sispectral Seravior of Lirge Snsemoies of Zxact
Sowutons o Surgers Zauauon ‘or Random Imnal
Canaiions~—aA Preiminary Regort.” ‘W. Zheng ana X B
Reed, Jr.. Umiversity of Missoun-Raoria

“The £Hect of Streamiine Curvature on Cecaying Gra
Turpuiance,” P. L Johnson and J. 8. Johnstan, Stan-
ford University

900 a.m.

920 am.

940 a.m.

10:00 a.m.

Ad{oumment

“Vortex Shecding anad Karman Street QOevelooment
Downstream of Single ana Tandem AirtQis.” M. P.
Liandrat, Qla Cominion University; and R. D. Watson,
NASA Langtey Researcn-Canter

“Vortex Street in a Canfined Siurry Flow.” C. Q. Popiel
anag 0. F. Van Oer Merwe, Energy Laboaratory, South
Atnca

Turguience Measurements in an Atomizing Jet.” H. J.
Mussemnt ang J. Stone, Vangeroiit University: and 8. £
Ank, Dantec Slecironics

“EHect of Turbuience Measured By (Lgow inertia Gill
Anemamater on Oroplet Coaguiaton.” R. Hopkins and
J. Podzimek. University ot Missoun-Rolla




guioment Exhibit

-Sciers ot aguiament ‘Gr tursuience measurements ang anaiysis
an 'Q cemganstirate tnewr 2quicment cuning tne Symoosium. T3i.
antec ang Aerometrics wii De present.

agistration
¢ dftengees are urgeaq 0 return (he registration form 0 allow an
‘imate ot antencance. A registration fee of S225 is peing chargea.
soec:ai rate o1 $1C0 is avaiao!e ‘or graguate stuaents if accom-
nted 3v 3 etter ‘rom heir ‘acuity aawviser.) !t :ncluges corfee
‘2axs Jut coes not cover the cast of the iunches or the bdanguet
- Tuescav avening. Attencees wnao oreregister ‘wiil racaive a locat
a0 21 the UMR camecus and motei lccatons with ‘aleonone
imgers in Qrcer 0 make their own lodging arrangements.

ransoortation
48 J1ICKUO wiil De orovideqa at major moteis in Roila.

Proceedings for Former Sympasia

The oroceec:ngs of the 1971, 1973, 1975, 1981. 1983 ana zrecrints
or the 1984 1986 ang 1988 Svmoosia on Turoulenc?2 ire avaunacie
for purcnase oy use af e appucation olank.

Meeting Places

University Canter-Zast. University of Missoun-Aoila. ‘or 'ectures
anag luncreons: Zanao s Matel ana Steak House for soc:al hours ana
panguet.

For Further Information

Waiter Qies. Coorginator
Canunuing S2ucatuon

119 Mecnanical Engineenng Annex
University ot Missourn-Roila

Rotla. MO 65401-3249

Phone (314) 3414132 or
1-300-752-3057

hadedadei A R Dl S ettt e R R R T T T SR

anunuing Sgucauon
miversity ot Missoun-_olla

REGISTRATICON CARD

SYMPQOSIUM ON

Septempar 24-26. 1990 TURBULENCE

CTheck nere it Speakar/Session Chairman Regqistrants: (Please Check)
C Registraton Fee $228
C Registration Fee less $7100 ceposit $125
ame—an First Mt C Gracuate Stugent Registration Sre $100
brrreper- Z Monaav Luncheon s 8
C Tuesaay Luncneon $ 8
worese Z Sanquet Oinner s 19
C 1971 Proceeaings 'S 11
- ETY To wage C 1973 Proceeaings *s 12
= . - C 1975 Proceegings 'S 2
~~amoer 506 Secunty NO. C 1981 Proceeaings 'S 24
aomt Carg Name Crotmt Cara Mumoer Taowsion Oase C 1983 Proceeaings :S 0
. T 1984 Prepnnts S 25
us ‘orm. accamoanied Dy the registration fee. shouid be maiied to Turdutence C 1986 Prepnnts *$ 20
moosium, Cantinuing Education. Attention: Waiter Ries. 119 Mechanicai Engi- C 1988 Prapnnts s 30
enng Annex. University of Missoun-Raoila, Rolla, MO 65401-0249. Makes cnecxs C “Ovarseas Mailing Charge $ 28

, ‘'vagie (1o the University of Missoun-Ralla. Casn, cnecks, purchase aorders. VISA or

sterCard acceoted.

Totai Encilosed




wvel
Ir 3irways serve St Louis {100 miies 2ast of Rolla), Car rentais may Ce made at the airport.

/nound bHuses leave the airport each day bound ‘or Rolla and vice versa, The Greynound scheguie is:

(central daylignht savings tmae)

St. Louis Airnort to Rolla Rotla to St. Louis Airport
Departure 1mes: Qeparture tmes:
Daily Daily
8:10 am. 2:.05 am.
2:20 o.m. ' 9:50 a.m.
708 o.m. 12:20 o.m.
8:20 o.m. 1:20 p.m.
11:20 p.m. 3:25 o.m. (Mon.~Fri.)
8:45 o.m.

10:00 p.m.
E ’ T18818430790




